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Description 



ON CHIP RESISTOR CALIBRATION 
STRUCTURE AND METHOD 

Background of Invention 
[0001] Technical Field 

[0002] The present invention relates to a structure and associ- 
ated method to calibrate a plurality of resistors on a semi- 
conductor device. 

[0003] Related Art 

[0004] Electronic components in a circuit typically require correct 
design values in order to perform a function correctly. In- 
correct design values may cause a circuit to malfunction. 
Therefore there exists a need to provide correct design 
values in a circuit. 
Summary of Invention 

[0005] The present invention provides a semiconductor device, 
comprising:a capacitor, a calibration resistor, and a cali- 
bration circuit formed within the semiconductor device. 



wherein a voltage (Vin) applied to the calibration resistor 
is adapted to produce a current flow through the calibra- 
tion resistor to charge the capacitor, wherein the calibra- 
tion circuit is adapted to measure an actual time (t ) 

actual 

required to charge the capacitor, and wherein the calibra- 
tion circuit is further adapted calculate an actual resis- 
tance value (R ) of the calibration resistor based on t 

actual actual 

and a capacitance value (C) of the capacitor. 
[0006] jhe present invention provides a calibration method, 
comprising: 

[0007] providing a capacitor, a calibration resistor, and a calibra- 
tion circuit formed within a semiconductor device; 

[0008] providing a current flow through the calibration resistor to 
charge the capacitor; 

[0009] measuring by the calibration circuit, an actual time (t ) 

actual 

required to charge the capacitor; and 
[0010] determining by the calibration circuit, an actual resistance 
value (R ) of the calibration resistor based on t 

actual actual 

and a capacitance value (C) of the capacitor. 
[0011] The present invention advantageously provides an appa- 
ratus and method to provide correct design values in a 
circuit. 

Brief Description of Drawings 



[0012] f\Q I illustrates a block diagram of a semiconductor de- 
vice comprising a circuit to determine a resistance value 
of a calibration resistor, in accordance with embodiments 
of the present invention. 

[0013] FIG. 2 illustrates a variation of FIG. 1 showing a block dia- 
gram of a semiconductor device comprising a circuit to 
determine a resistance value of a variable calibration re- 
sistor, in accordance with embodiments of the present in- 
vention. 

[0014] FIG. 3 is a flowchart depicting an algorithm for determin- 
ing the expected resistance of the calibration resistor of 
FIG. 1, in accordance with embodiments of the present in- 
vention. 

[0015] FIG. 4 is a flowchart depicting an algorithm for determin- 
ing the expected resistance of the variable calibration re- 
sistor of FIG. 2, in accordance with embodiments of the 
present invention. 
Detailed Description 

[0016] FIG. 1 illustrates a block diagram of a semiconductor de- 
vice 1 comprising a circuit 2 to determine an actual resis- 
tance value (R ) of a calibration resistor 6, in accor- 

actual 

dance with embodiments of the present invention. The 
circuit 2 is adapted to compare ^^^^^^^ to an expected re- 



sistance (i.e., design resistance) value (R ) to deter- 

expected 

mine a percentage of deviation of resistance R from R 

actual 

of tlie calibration resistor 6. The semiconductor 

expected 

device 1 further comprises a plurality of resistors 5 lo- 
cated at a plurality of locations throughout the semicon- 
ductor device 1. The plurality of resistors may be used for, 
inter alia, transistor biasing, phase lock loop (PLL) circuits, 
setting currents through charge pumps, input/output 
(I/O) interface circuits, digital to analog (D/A) converters, 
etc. The percentage of deviation of resistance R from 

actual 

R of the calibration resistor 6 is is about equal (i.e., 

expected 

representative of) to a percentage of deviation of an actual 
resistance from an expected resistance of each of the re- 
sistance values of each of the plurality of resistors 5 
within the semiconductor device 1. R and R are 

actual expected 

calculated by determining a time (t) that it takes to charge 
a capacitor 8. A voltage source 4 is activated to supply a 
voltage (Vin) to the calibration resistor 6 thereby produc- 
ing a current flow through the calibration resistor 6. The 
current flow through the calibration resistor 6 charges the 
capacitor 8. A counter 22 using a sample clock 15 begins 
to count an actual time (t ) that it takes to charge the 

actual 

capacitor 8. The rate of charge of the capacitor 8 is a 



function of a resistance value of tlie calibration resistor 6. 
A charging voltage (V(t)) applied to a first input 24 of a 
comparator 10 increases as a function of time by the fol- 

— t/R*C 

lowing charging equation: V(t) = Vin (1- e ). C in the 
equation is a capacitance value of the capacitor 8. There- 
fore, variations of R from R will result in varia- 

actual expected 

tions in the rate of charging of the capacitor 8. A band 
gap reference generator 12 applies a reference voltage 
(Vref) to a second input 26 of the comparator 10. Vref 
must be less than Vin in order for the comparator 10 to be 
activated. When Vref is equal to V(t) the comparator 10 is 
activated thereby sending a signal over link 28 to a time 
comparison circuit 20. The time comparison circuit 20 
compares the actual time (t ) that it took for the com- 

actual 

parator to turn on to an expected time (t ). An ex- 
expected 

pected time calculation circuit 18 calculates t using 

expected 

-t/R*C 

the charging equation: V(t) = Vin (1- e ), plugging in 
R for R, plugging in Vref for V(t), and solving for t. 

expected 

The expected time calculation circuit 18 transmits t 

expected 

over link 30 to the time comparison circuit 20. The mag- 
nitude and direction (i.e., positively or negatively) of the 
offset between t and t indicates the magnitude 

actual expected 

and direction (i.e., positively or negatively) of the percent- 



age of deviation of resistance of R from R us- 

actual expected 

ing the charging equation. If the capacitor 8 is charged 
more quicl<ly than expected then R is less than R 

actual 

. If the capacitor 8 is charged more slowly than ex- 
expected 

pected then R is greater than R . The time com- 

actual expected 

parlson circuit 20 transmits a signal (R-code) representing 
the time difference between t and t (i.e., the 

actual expected 

percentage of deviation of resistance of R from R 

actual 

) to any circuitry within the semiconductor device 1 

expected 

comprising any of the plurality of resistors 5. The per- 
centage of deviation of resistance R from R of 

actual expected 

the calibration resistor 6 is is about equal to the percent- 
age of deviation of an actual resistance from an expected 
resistance of each of the resistance values of each of the 
plurality of resistors 5. Thus, the R-code is used to deter- 
mine a change of resistance for each of the plurality of re- 
sistors 5 in order to bring each of the plurality of resistors 
5 to an expected resistance. The semiconductor device 1 
further comprises a bank of precision resistors 11. Each 
precision resistor of the bank of precision resistors 11 is 
adapted to be connected in series or in parallel with each 
resistor of the plurality of resistors 5 such that a resis- 
tance value of a combination of a first resistor of the plu- 



rality of resistors 5 and at least one resistor of tlie banl< of 
resistors 11 equals an expected resistance value of the 
first resistor. Each precision resistor of the bank of preci- 
sion resistors 11 is adapted to be connected in series with 
a resistor of the plurality of resistors 5 if R is less 

actual 

than R . Each precision resistor in of the bank of 
expected 

precision resistors 11 is adapted to be connected in paral- 
lel with a resistor of the plurality of resistors 5 if R is 

actual 

greater than R . The bank of precision resistors are 

expected 

not utilized if R equals R Each resistor of the 

actual expected. 

bank of resistors 5 may be connected with a resistor of 
the plurality of resistors 5 by any method known to a per- 
son of ordinary skill in the art including, inter alia, selec- 
tively opening or closing gates or blowing efuses to trim 
resistors in parallel or in series with the plurality of resis- 
tors, use of a variable field effect transistor type resistors, 
etc. The calibration resistor 6 may be permanently re- 
moved from the semiconductor device 1 after the R code 
determines the change of resistance value for each of the 
plurality of resistors 5. Each of the plurality of resistors 5 
may comprise a resistance value that is not equal to a re- 
sistance value of the calibration resistor 6. 
[0017] FIG. 2 illustrates a variation of FIG. 1 showing a block dia- 



gram view of a semiconductor device 65 comprising a cir- 
cuit 42 to determine an actual resistance value (R ) of 

actual 

a variable calibration resistor 50, in accordance with em- 
bodiments of the present invention. The circuit 42 deter- 
mines a percentage of deviation of resistance R from 

actual 

an expected resistance value (R ) of the variable cal- 

expected 

ibration resistor 50 using much of the same circuitry as 
the circuit 2 of FIG. 1. In contrast with FIG. 1, the circuit 
42 comprises a feedback loop 44 to iteratively and con- 
tinuously adjust a resistance of the variable calibration re- 
sistor 50. This embodiment allows for adjusting resistance 
values (i.e., resistance value of the variable calibration re- 
sistor 50 or resistance values of each of the plurality of 
resistors 5) due to temperature fluctuations. The variable 
calibration resistor 50 may be, inter alia, a series of resis- 
tors with a bypass gate in parallel with all but one of the 
resistors. At the conclusion of a first iteration, some or all 
of the bypass gates could be open and some or all of the 
bypass gates could be closed. If the capacitor 8 is charged 
more quickly than expected then R is less than R 

actual expected 

(as described in the description of FIG. 1) and an addi- 
tional bypass gate would be opened thereby adding resis- 
tance by adding a gate in series. If the capacitor 8 is 



charged more slowly than expected then R^^^^^i 's greater 
than R (as described in the description of FIG. 1) 

expected 

and an additional gate would be closed thereby lowering 
the resistance by allowing a bypass to a resistor. When the 
comparator 10 is activated thereby sending the signal 
over link 28 to the time comparison circuit 20 (as de- 
scribed in the description of FIG. 1), the comparator 10 
also sends the signal over link 46 to a reset circuit 40. The 
reset circuit 40 is adapted to disable the voltage source 4 
while discharging the capacitor 8 so that t (i.e., the 

actual 

capacitor 8 charge time)and R may be determined 

actual 

again. As described supra in the description of FIG. 1, the 
time comparison circuit 20 transmits the signal (R-code) 
representing the time difference between t and t 

actual expected 

(i.e., thepercentage of deviation of resistance of R 

actual 

from R ) to any circuitry within the semiconductor 

expected 

device 65 comprising any resistor of the plurality of resis- 
tors 5. The percentage of deviation of resistance R 

actual 

from R of the variable calibration resistor 50 is is 

expected 

about equal to the percentage of deviation of an actual 
resistance from an expected resistance of each of the re- 
sistance values of each of the plurality of resistors 5. 
Thus, the R-code is used to determine a change of resis- 



tance for each of the plurality of resistors 5 in order to 
bring each of the plurality of resistors 5 to an expected 
resistance. The R-code is also used to determine a change 
of resistance for the variable calibration resistor 50 in or- 
der to bring a resistance value of the variable calibration 

resistor 50 to R . The circuit 42 iteratively and con- 
expected 

tinuously determines R-code so that the resistance value 

R of the variable calibration resistor 50 and the re- 

expected 

sistance value of each resistor in the plurality of resistor- 

swithin the semiconductor device 65 may be continuously 

adjusted to bring a resistance of the variable calibration 

resistor 50 to R and a resistance value of each of 

expected 

the plurality of resistors to an expected resistance thereby 
accounting for any resistance changes due to environ- 
mental factors such, as inter alia, temperature fluctuations 
within the semiconductor device 65. 
[0018] FIG. 3 is a flowchart depicting an algorithm 66 to deter- 
mine the actual resistance value(R ) of the calibration 

actual 

resistor 6 of FIG. 1, in accordance with embodiments of 
the present invention. In step 67, the voltage source 4 is 
activated and a current flow through the calibration resis- 
tor 6 charges the capacitor 8. In step 68 while the capaci- 
tor 8 is charging, the sample clock 15 and the counter 22 



count the capacitor 8 charge time (t ). If Vref does not 

actual 

equal V(t) in step 69, then the capacitor 8 is not yet suffi- 
ciently charged and step 68 is repeated. If Vref does equal 
V(t) in step 69, then the capacitor 8 is charged and the 
comparator 10 is activated in step 71. In step 73, the cal- 
culated expected charge time (t ) from the calcula- 

expected 

tlon circuit 18 is compared to t and the difference is 

actual 

used to determine the percentage of deviation of resis- 
tance R from R of the calibration resistor 6 in 

actual expected 

Step 75. In step 77, the percentage of deviation of resis- 
tance R from R of the calibration resistor 6 

actual expected 

about equals a percentage of deviation of an actual resis- 
tance from an expected resistance of each of the resis- 
tance values of each of the plurality of resistors 5 within 
the semiconductor device 1. Thus, a signal (R code) repre- 
senting the percentage of deviation is sent to any circuits 
on the semiconductor device 1 that comprise at least one 
of the plurality of resistors 5. In step 79, a first resistor of 
the plurality of resistors 5 is combined (i.e., in parallel or 
series) with at least one resistor of the bank of resistors 
11 such that the combination equals an expected resis- 
tance value of the first resistor of the plurality of resistors 
5 . 



[0019] FIG. 4 is a flowchart depicting an algorithm 80 for deter- 
mining the actual resistance value (R ) of the variable 

actual 

calibration resistor 50 of FIG. 2, in accordance with em- 
bodiments of the present invention. In step 81, the volt- 
age source is activated and a current flow through the 
variable calibration resistor 50 charges the capacitor 8. In 
step 82 while the capacitor 8 is charging, the sample 
clock 15 and the counter 22 count the capacitor 8 charge 
time (t ). If Vref does not equal V(t) in step 84, then 

actual 

the capacitor 8 is not yet sufficiently charged and step 82 
is repeated. If Vref does equal V(t) in step 84, then the ca- 
pacitor 8 is charged and the comparator is activated in 
step 85. In step 87, the calculated expected charge time (t 
) from the calculation circuit 18 is compared to t 

expected actual 

and the difference is used to determine the percentage of 
deviation of resistance R from R of the variable 

actual expected 

calibration resistor 50 in step 88. The percentage of devi- 
ation of resistance R from R of the variable cal- 

actual expected 

ibration resistor 50 about equals a percentage of devia- 
tion of an actual resistance from an expected resistance of 
each of the resistance values of each of the plurality of re- 
sistors 5 within the semiconductor device 65. Thus, a sig- 
nal (R code) representing the percentage of deviation is 



sent to any circuits on tlie semiconductor device 65 tliat 
comprise at least one of tlie plurality of resistors 5 in step 
89. In step 89, the R code is also sent to the variable cali- 
bration resistor 50. In step 91, a first resistor of the plu- 
rality of resistors 5 is combined (i.e., in parallel or series) 
with at least one resistor of the bank of resistors 11 such 
that the combination equals an expected resistance value 
of the first resistor of the plurality of resistors 5 . In step 
91, a second resistor of the plurality of resistors 5 is com- 
bined (i.e., in parallel or series) with the variable calibra- 
tion resistor 50 such that the combination equals R 

expected 

of the variable calibration resistor 50. In step 92, the cir- 
cuit 42 is reset by disabling the voltage source 4 while 
discharging the capacitor 8 and upon said discharging the 
voltage source is enabled so that the charge time of the 
capacitor 8 may be determined again. The circuit 42 itera- 
tively and continuously determines the R-code so that the 
resistance value R of the variable calibration resistor 

actual 

50 and the resistance values of the plurality of resistors 
within the semiconductor device 65 may be continuously 
adjusted to bring the variable calibration resistor 50 and 
the plurality of resistors to an expected resistance thereby 
accounting for any resistance changes due to environ- 



mental factors such, as inter alia, temperature fluctuations 
within the semiconductor device 65. 
[0020] While embodiments of the present invention have been 

described herein for purposes of illustration, many modi- 
fications and changes will become apparent to those 
skilled in the art. Accordingly, the appended claims are 
intended to encompass all such modifications and 
changes as fall within the true spirit and scope of this in- 
vention. 



